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Introduction 1 2
Osteoarthritis is one of the most prevalent diseases known, particularly in older population 3 groups. The WHO estimate that 190 million people suffer from this condition; some groups 4 have estimated that the majority of adults over the age of 55 have radiographic evidence of 5 osteoarthritis (D'Ambrosia, 2005). It has an enormous economic impact, due to both a 6 reduced work-force because of disability, and the need to provide specialist support and 7 assistance to those most affected. The sums involved are considerable when it is taken into 8 account that 80% of those with osteoarthritis will have some restriction of movement and 9 almost a quarter cannot perform the activities of daily living (Buckwalter et al., 2004) . The 10 number of total (and revision) joint replacements for osteoarthritis is increasing rapidly; over 11 250,000 total knee replacements were performed in the U.S. alone in the year 1999, over 12 400,000 were performed in 2003 and projections suggest that these numbers will continue to Osteoarthritis may occur in any synovial joint, but most commonly develops in the knee, hip, 16 spine and hand (Buckwalter et al., 2004) . Traditionally it has always been described as "wear 17 and tear" arthritis, assumed to develop as a direct result of some initial biological or There is now considerable debate, however, as to whether the changes in the underlying 1 subchondral bone may actually precede the damage seen within the articular cartilage (Burr, 2 2004 , Kawcak et al., 2001 , Lajeunesse, 2004, Li and Aspden, 1997, Radin and Rose, 1986) . 3 Most studies examining osteoarthritis have been performed in mid or late-stage disease; the 4 natural history of the degenerative process in its early stages is still not well understood. 5 Certainly once osteoarthritis is established, whatever the initiating cause, there is consensus 6 that subchondral alterations do occur, which will then have a considerable effect on the 7 stresses within the overlying cartilage (Bobinac et al., 2003 , Burr, 2004 . Another 8 hypothesis, that osteoarthritis is a systemic musculoskeletal disorder with a metabolic 9 component, is also being actively investigated; dysfunction of mesodermal-derived cells, 10 such as myocytes, lipocytes and osteoclasts may be central to the disease process (Aspden, 11 2008) . 12 
13
Animal models of osteoarthritis are well established in the scientific literature (Little and  14 Smith, 2008, Thorndike and Turner, 1998) . The ovine stifle joint is frequently employed in 15 these studies as it may be considered to be a 1:3 scale model of the human knee joint 16 (Osterhoff et al., 2011) . Osteoarthritis is typically induced by means of an experimental 17 injury; monoarticular studies may do this by causing an injury to an articular structure in 18 order to destabilise the joint, or by placing the joint under abnormal mechanical loading 19 Smith, 2008, Pritzker, 1994 suggests that these are elevated early in the disease process (Kwan Tat et al., 2010). In 5 addition, while endochondral ossification at the interface between bone and cartilage is 6 usually present at a physiological rate, this process is described as being accelerated in 7 osteoarthritis, with tidemark advancement (Burr, 2004 , Oegema et al., 1997 . 8 9 In this paper, we examine whether ovariectomy has any impact on development of 10 osteoarthritis within the ovine stifle joint 1 year post-operatively. In addition, we investigate 11 whether there are any significant correlations present between articular cartilage degeneration 12 and alterations in microstructural parameters or turnover rates in the underlying bone. (Hologic QDR-4500 TH Elite, Hologic, MA) was used to measure BMD. The estimated area 10 (EA, cm 2 ) and bone mineral content (BMC) for each of the two tests was recorded. Bone 11 mineral density (g/cm 2 ) was determined from these by dividing the BMC by the EA. Three 12 DEXA readings were examined in this study: initially, the BMD of the whole bone was 13 considered; secondly, the proximal tibia was examined (R1 in Figure 1 thickness of approximately 120 -150 µm were taken from PMMA-embedded osteochondral 7 specimen using a diamond saw (Struers, Accutom 50, Ballerup, Denmark). Sections were 8
reduced to approximately 100 µm, by grinding in aqueous solution, rinsed in distilled water, 9 briefly dipped in Xylene and finally mounted on glass slides (using glass cover slips) with 10
DPX. 11 12
Each slide was examined using bright field microscopy (Nikon Eclipse 90i). Initial basic 13 measurements were performed using a digital image analysis system (NIS Elements BR 3.0, 14 Nikon). Within the trabecular bone, an area of interest measuring 4 x 7.5mm was analysed 15 from each specimen, lying at a depth of 2.5 mm from the calcified surface (Holland et al., 16 2013). The total area and area of bone was calculated for each area of interest. Each slide 17 was then examined using a combination of ultra-violet (UV) (λ=365 nm), blue (λ=470 nm) 18 and green (λ=546 nm) epifluorescence microscopy at X10 magnification ( 
Statistical Analysis 12
PASW Statistics 18 (IBM® SPSS®) was used for data analysis. Q-Q plots were performed 13 of all data sets to check for normal distribution. A t-test was performed if the appropriate 14 criteria were met; otherwise a Mann-Whitney-U test was performed. Differences were 15 considered significant for values of p < 0.05. 16
17

Results
1
As stated, osteoarthritic changes were quantified using two methods; Mankin's 2 histopathological scoring system and the OARSI score. As these two measures use two 3 different scales it was more appropriate to look at how each measure ranked the changes 4 rather than using the raw scales. As would be expected, there was evidence of a positive 5 correlation between the ranks of these two scoring systems was highly significant (r = 0.61, p 6 = 0.003; Figure 5 ). In this case the value for r c was 0.61 which was approximately the same 7 value for the correlation coefficient (the correction factor C b was 0.99) indicating no bias 8 towards either scale. This difference is better visualised using a Bland-Altman plot ( Next, correlations were performed between the histological osteoarthritis scores and bone 5 mineral density and found that increasing osteoarthritis score was not associated with any 6 detectable alteration in bone mineral density, including subregional analyses (Table 1) . 7 8 osteoarthritis. There was an inverse relationship observed between connectivity density and 4 the OARSI score, but this did not reach significance (r s = -0.364, p = 0.086; Table 2 ). While 5 there was a trend towards reduced trabecular hemi-osteonal (or surface) turnover in sheep 6 with increasing osteoarthritis, the number of intra-trabecular osteons showed a mild 7 elevation. These trends were not statistically significant, however. 8 9 within an ovine model (Benske et al., 1988) . One observation regarding our data is that the 4 12 month endpoint used within this study is quite early; as with the trabecular and 5 subchondral morphometric changes described above, it may be that while little evidence of 6 elevated turnover is seen within the early stages of the disease, these associated pathological 7 processes then change with advancement of the condition, and thus turnover eventually 8 accelerates. procedure when taking a specimen for grading. For this reason, we feel that the OARSI score 14 is probably more reliable than the Mankin's, given that the former system also stages the 15 macroscopic area of affected cartilage, rather than relying on a disease grade from one 16 isolated piece of cartilage; this is a view supported by other studies (Custers et al., 2007) . 17 While the 12 month endpoint used within this study is quite early, we know from previously 18 reported data that significant structural and turnover alterations are evident between In conclusion, we found no evidence that osteoarthritis is increased in ewes at one year post-23 ovariectomy. Osteoarthritis was associated with a thinning of the subchondral bone plate, but 24 there was no evidence of alterations in bone mineral density or trabecular morphometry. 25 However, while ovariectomy may not increase the risk of osteoarthritis per se, it will cause 1 osteopenia; if osteoarthritis then occurs, the synergy between these two disease processes 2 may mean that the osteoarthritis in the ovariectomised group will be more severe. funding agencies had no role in the study design, collection, analysis and interpretation of 10 data, writing of the manuscript, or decision to submit the manuscript for publication. 11
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